ABSTRACT Objective: is to highlight the role of diffusion weighted MRI in evaluation of gynecologic pelvic masses especially in differentiation between benign and malignant masses, and initial staging of known malignancies. Design: Randomized controlled study. Setting: zagazig university hospitals radiology department and university of North Carolina, MRI unit. Participant(s): Women undergoing investigations for pelvic masses. Intervention(s): Ultrasound examination, MRI and diffusion MRI with Quantitative measurement of the apparent diffusion coefficient (ADC). Main Outcome Measure(s): DWI and ADC values provide additional information in the differentiation between benign and malignant masses. Results: Although the ADC can help to differentiate between normal and cancerous tissue in the uterine cervix and endometrium. In patients with ovarian cancer, DWI demonstrates high intensity not only at the primary cancer site but also in disseminated peritoneal implants. When added to conventional MRI findings, Conclusion: DWI and ADC values provide additional information to routine pelvic MRI and improve the specificity of MRI and thus increasing the radiologist's confidence in image interpretation which will finally reflect on the patients' outcome and prognosis, but it should be in conjunction with conventional MRI sequences.
INTRODUCTION
RI has been shown to be superior to CT in the work-up of uterine and cervical cancer and may be a useful problem-solving tool in the evaluation of ovarian cancer (1) .
Diffusion-weighted magnetic resonance (MR) imaging is a functional imaging technique whose contrast derives from the random motion of water molecules within tissues and its use has been established as a useful functional imaging tool in neurologic applications for a number of years, but recent technical advances now allow its use in abdominal and pelvic applications (2) .
Diffusion-weighted imaging is not only helpful in differentiating benign from malignant processes within the myometrium and endometrial cavity but it can also be used to assess metastatic lesions, peritoneal dissemination, possible tumor recurrence, and treatment response (3) .
Because image contrast is derived from inherent differences in the restriction of the movement of water molecules, & does not require injection of a gadolinium-based contrast agent, so it can be used in patients with renal insufficiency or contrast material allergy (2) .
The diffusion of water molecules is affected by the extent of tissue cellularity and the presence of intact cell membranes. As a result, tissues with low cellularity and defective cell membranes have relative increase in extracellular space allowing free water diffusion. On the other hand, in highly cellular tissues (as in viable tumors) water diffusion is restricted because of reduced extracellular space and by intact cell membranes, which act as barrier to water movement (4) .
Most of the malignant tumors are generally depicted as areas of high signal intensity on DWI and dark on the ADC map (pattern of restricted diffusion), unlike areas with simple T2 prolongation (e.g, edema or fluid), which will demonstrate high signal intensity on both the diffusion-weighted images and the ADC map. (3) .
Benign tumors and most of the fibromas did not show this abnormal signal intensity on DWI (5) .
However, mature cystic teratomas can exhibit increased signal intensity either entirely or focally on DWI with corresponding significant low ADC values. This may be attributed to sebaceous or keratinous materials respectively. This may improve diagnostic performance where there is a paucity of fat (6) .
DW-MRI shows restriction of movement of water molecules in endometrial cancer with increased signal intensity particularly at high bvalues and corresponding low signal intensity on ADC maps (5). DWI may be an additional tool for distinguishing uterine sarcomas from benign leiomyomas. The ADC values (× 10−3 mm2/s) of uterine sarcomas (1.17) were lower than those of the normal myometrium (1.62) and degenerated M leiomyomas (1.70) without any overlap; however, they were overlapped with those of ordinary leiomyomas (0.88) and cellular leiomyomas (1.19) Because ordinary leiomyomas tend to contain hyalinized collagen, the signal intensity of ordinary leiomyomas is hypotintensity on T2-weighted images. DWI can be explained with "T2 blackout effect", which indicates hypointensity on DWI caused by hypointensity on T2-WIs, resulting in a decrease in the ADC of ordinary leiomyomas (7).
Differentiation of the post-operative changes from the residual tumors might be possible in the early period in some cases with the help of DWI showing lack of tissue restriction with corresponding high ADC values, where areas of edema or inflammation can show high ADC values while low ADC values will suggest the presence of active tumor cells (8).
PATIENTS AND METHODS This study was performed on 100 cases of female pelvic masses. Apart from 13 examined cases, all examined cases have undergone surgery with pathologic correlation after MR imaging. The study was conducted in zagazig university radiology department and university of North Carolina, maternity and female hospital. The patients were referred from the gynecology department to the radiology department (MR imaging unit) in the period from January 2011 to September 2014. The patients' age ranged from 16 to 65 year old (mean age 44.44 ± 12.77 SD). Most of the patients presented by abnormal vaginal bleeding, abdominal enlargement, long standing abdominal pain, 25 were presented by offensive vaginal discharge, four came with other different complaints; one came complaining with frequency of micturition, dysuria, loss of weight and one was complaining from dyspnea and was accidentally discovered during routine follow up examination. All cases had been subjected to the following: 
Interpretation of DWI:
Qualitative analysis Regarding the signal intensity: Benign tumors show no signal on DWI, while malignant ones show high signal intensity on high b values (˃ 1000 sec/mm2) with corresponding lowering of the signal in the corresponding ADC maps. Both, the solid component of the tumors as well as the cystic component were measured in the ADC maps by careful drawing of the ROI's in order to include the largest possible solid part in both solid and mixed tumors for the qualitative analysis.
Regarding Suspicious lymph nodes and peritoneal deposits especially in presence of ascites, we searched for lesions (on peritoneal surfaces or at sites of lymph node deposits) with restricted diffusion, i.e. high signal on DWI similar to that seen in malignant tumors.
Quantitative analysis:
Regarding the quantitative analysis of DWI, we generated the ADC maps from the DWI from b values (0, 500, and 1000), then we selected the ROI manually on the largest possible area of the solid and the cystic component of the tumors, which was then automatically calculated on the work station to get the different ADC values. RESULTS 100 patient was included in our study. They are divided into two groups according to the site of origin of the mass group A patients with ovarian masses (n=37) and group B patients with extra ovarian masses (n=63). Comparisons of differences in the categorical data between groups were performed using the Chi-square (χ2) test.
Comparison of the continuous variables were achieved by the Mann-Whitney U (MW) test for two groups of non-parametric data, Student t-test for two groups of normally distributed data. Sensitivity DISCUSSION In this study, the sensitivity of MRI was 98.46% and DWI MRI was 100%. The specificity was 90% in both DWI and conventional MRI sequences and so addition of DWI to the MRI is expected to increase the sensitivity of examination.
Regarding the mean ADC values for ovarian solid malignant lesions was (0.714 x 10-3 ± 0.183 SD mm2/s), while that for solid benign lesions was (1.600 x 10-3 ± 0.707 SD mm2/s), with p value = 0.326, however p value was considered < 0.05 of statistical significance. With 95% Confidence Interval =0.638 -0.7902 A comparative study was carried out by Fujii and colleagues in 2008 on 123 ovarian lesions including 42 malignant and 81 benign lesions, most malignant ovarian tumors as well as some of the mature cystic teratomas showed high signal intensity on DWI. In contrast, most benign tumors did not show abnormal signal intensity on DWI. This agree with our results where we have 25 malignant tumors and two cases of mature cystic teratomas showed high signal on DWI, this may be attributed to keratinoid substance and Rokitansky protuberance.
Also those authors concluded that the mean ADC value of the solid portion in malignant tumors did not significantly differ from that in the benign lesions (5) .In this study, we also did not find a significant difference between the mean ADC value of benign cystic component (was 1.766 ± 0.761×10-3 mm2/s) or solid component (was 1.060 ± 0.365×10-3 mm2/s) and the malignant solid (was 0.768 ± 0.145×10-3 s/mm2) or cystic (was 0.995 ± 0.374×10-3 s/mm2) component.
In 2009, Thomassin-Naggara et al evaluated the contribution of DWI in conjunction with morphological criteria to characterize 77 complex adnexal masses (30 benign and 47 malignant).In their results, low signal intensity both on DWI and T2-weighted images in the solid component of mixed adnexal masses may predict benignity (9) . This result matched with our result.
Another study was carried out by Li and colleagues in 2011 on 127 patients with pelvic masses, (46 benign and 85 malignant). The purpose of this study was to evaluate differences in ADC values for the solid component of benign and malignant ovarian surface epithelial tumors with the goal of differentiating benign versus malignant ovarian tumors preoperatively. The mean ADC value measured for the cystic component did not differ significantly between benign and malignant masses. Unlike that measured for the solid component which significantly differed between the benign and malignant lesions. According to a study done by Li and colleagues in 2011, Mean ADC value for benign lesions was 1.69 x 10-3 ± 0.25 x 10-3 mm2/s, and for the malignant was 1.03 x 10-3 ± 0.22 x 10-3 mm2/s. The lower ADC values associated with the malignant group were found to be statistically significant. Their results suggest that an ADC value ≥ 1.25 x 10-3 mm2/s may be an optimal cutoff value for differentiating benign and malignant ovarian tumors (10).
In our study, the mean ADC value for solid malignant lesions was (0.768 x 10-3 ± 0.145 SD mm2/s), while that for solid benign lesions were (1.060 x10-3 ± 0.365 SD mm2/s). However, no statistical difference for the solid component between the malignant and benign lesions (p value = 0.003) with a statistical significant p value < 0.05. This may be attributed to the small no of our benign cases and due to the marked lowering of ADC values of some benign tumors as two cases of mature cystic teratomas. Also in their study, the sensitivity, specificity, PPV, NPV and accuracy of conventional MR imaging all have increased from 91.8% , 78.3% , 88.6% , 83.7% , and 87.0% respectively to96.5 % ,89.1% , 94.3% ,93.2% , and93.1% after adding DWI to the conventional MR. This was comparable to our study.Addition of DWI to conventional raises the specificity, PPV, NPV and accuracy from 78.6%, 62.5, and 91.7% to 83.3%, 78.6%, and 92.3% with no improvement for the sensitivity.
A similar study was carried out by Takeuchi and colleagues at 2010 on 47 women (33 malignant, 6 borderline, and 10 benign tumors).Regarding the signal intensity, the solid portion of all malignant tumors showed homogeneous or heterogeneous high intensity on DWI, whereas only 3 of the benign tumors (3 thecomas) showed high intensity. However the presence of low intensity on T2-weighted images was suggestive for benign fibrous tumor. In our study all benign tumors including the ovarian fibroma did not show high signal on the DWI (except for the mature cystic teratoma tumors). The mean (SD) ADC value in malignant tumors 1.03 x 10-3 (0.19) mm2/s was significantly lower than that and in the 10 benign tumors 1.38 ×10-3 s/mm2 (0.30). Using a cutoff ADC value of 1.15, malignant lesions had a sensitivity of 74%, specificity of 80%, PPV of 94%, and NPV of 44%. Using a cutoff ADC value of 1.0, malignant lesions had a sensitivity of 46%, specificity of 100%, PPV of 100%, and NPV of 32%. In our study the mean ADC value in malignant ovarian tumors 0.80 ×10-3 s/mm2, in benign ovarian cystic lesion 1.09 ×10-3 s/mm2 (0.19). Using cutoff ADC value of 1.14, malignant lesions had a sensitivity of 94.7-100%, specificity of 25%, PPV of 81.9%, and NPV of 100%. Using a cutoff ADC value of 0.8, malignant lesions had a sensitivity of 72.1%, specificity of 100%, PPV of 100%, and NPV of 51.3%.
In 2011, Bharwani N. et.al, show that both the mean and minimum ADC values of endometrial carcinoma are significantly lowers than those of benign endometrial histology (11) . This finding is in agreement with our study as there was no overlap in mean ADC value between benign and malignant lesions and in other studies only a small degree of overlap in values with the difference remaining statistically significant. Previous studies have suggested mean ADC cut-off values that can be used to predict malignancy in endometrial lesions. These mean ADC cut-off values range from 1.0561023 to 1.261023 ×10-3 mm2/s When applied this data on our patients we achieved sensitivity, specificity, PPV, NPV and accuracy rates of 100%, 22.225, 75.4% and 100%, respectively. It is difficult to establish a universal threshold ADC value above which malignancy should be suggested owing to variations in the MRI system used and the number of b values used to generate the ADC map.
The ADC threshold value with the greatest accuracy for our 1.5T Philips system (1.14 ×10-3 s/mm2) is of the same order of magnitude as the prior values and the variation between values is up to 0.23 ×10-3 mm2/sec.
There are some limitations to our study. Firstly, this preliminary cohort of patients is relatively small. Secondly, some of the tumors we analyzed were small and only present on two contiguous slices. In these cases the ROI was placed on the slice with the largest area of visible tumor; however, as tumor was not present on the section above and below, it is possible that the data are subject to some partial volume effect.
Naganawa Sh. and coauthors in 2005 said that the ADC numeric value of cervical cancer is significantly lower than of the unaffected cervical tissue (12) .
The ADC threshold value for differentiating cancer-damaged tissue with unaffected cervical tissue: it was 1.100 × 10-3 mm2/s in the study of Charles-Edwards and co-authors, 1.359 × 10-3 mm2/s in the work of Chen and colleagues (13) , and 1.28 × 10-3 mm2/s in the research of Chen et al. (14) , In our study, the ADC threshold value for differentiating between cancer-affected and non-affected cervical tissues was 0.786 × 10-3 mm2/s. ± 0.083 SD. According to data of our investigation, the ADC numerical value is significantly lower than of the unaffected cervical tissue Few cases were challenging in our study.  The first one is the mature cystic teratomas.
This tumor showed a misleading appearance on the DWI, with the lowering of both signal on the DWI and ADC values in the ADC maps, giving a picture similar to a malignant tumor. Fortunately, most of the teratomas can be easily diagnosed by the conventional images with the help of the fat suppressed images.  The second case was the borderline papillary serous cystadenoma. The preoperative diagnosis of BOTs remains challenging regarding the clinical, laboratory and imaging findings. Women with BOTs is thought to be as twice as women with invasive cancers to be asymptomatic and are usually diagnosed accidentally on routine examination. Although CA-125 is elevated in up to 61% of women with BOT, their levels might overlap between women with BOT and those with stage I invasive ovarian cancers (15) . In our study, although DWI could alert us for the possibility of a borderline tumor which was confirmed by pathology, this was found only in one case (only one case of borderline tumor in our study).  The third case was low grade leiomyosarcoma with enlarged uterine fibroid, it shows an abnormal heterogeneous suspicious enhancement pattern and appears as high SI lesion on DWI and iso on ADC map with ADC value was 1.17 ×10-3 mm2/s which alerts us for the possibility of malignancy which was confirmed by pathology, this was found only in one case (only one case of low grade leiomyosarcoma in our study).  The last one was a misleading case with a misleading history, it was an illegal ectopic pregnancy, MRI findings are coexisting with a large degenerated subserous fibroid. DWI show a restricted diffusion with ADC value in two different levels was 1.17 and 0.99×10-3 mm2/s which is more with malignancy. Postoperative data revealed that it was an ectopic pregnancy. CONCLUSION The combination of DWI to conventional MRI implies:  Using a completely noninvasive technique with no radiation exposure.  DWI might be an alternative for contrast administration especially for those were contrast intake is better avoided as during pregnancy.  Cost effective technique (no additional cost to MRI examination), easily added to the MR study protocols with no marked lengthening of examination time.  It improves the specificity of MRI and thus increasing the radiologist's confidence in image interpretation which will finally reflect on the patients' outcome and prognosis.
Limitations:
DWI interpretation should in conjunction with other morphological criteria in conventional MRI sequences.
